EPSL

Earth and Planetary Science Letters 123 (1994) 139-154
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Abstract

Studies of seafloor magnetic anomaly patterns suggest the presence of Jurassic oceanic crust in a large area in the
western Pacific that includes the East Mariana, Nauru and Pigafetia Basins. Sampling of the igneous crust in this
arca by the Deep Sea Drilling Program (DSDP) and the Ocean Drilling Program (ODP) allows direct evaluation of
the ape and petrogenesis of this crust. ODP Leg 129 drilled a 51 m sequence of basalt pillows and massive flows in
the central East Mariana Basin. "DAI/”AI ages determined in this study for two Leg 129 basalts average 114.6 & 3.2
Ma. This age is in agreement with the Albian—late Aptian paleontologic age of the overlying sediments, but is
distinctively younger than the Jurassic age predicted by magnetic anomaly patterns in the basin.

Compositionally, the East Mariana Basin basalts are uniformly low-K tholeiites that are depleted in highly
incompatible elements compared to moderately incompatible ones, which is typical of mid-ocean ridge basalts
(MORB) erupted near hotspots. The Sr, Nd and Pb isotopic compositions of the tholeiites (*78r /% 8r,.;, = 0.70360-
0.70374; "*Nd/"Nd, ;, = 0.512769-0.512790; *™Pb/*"Pb,,,, = 18.355-18.386) also overlap with some Indian
Ocean Ridge MORB, although they are distinct from the isotopic compositions of Jurassic basalts drilled in the
Pigafetta Basin, the oldest Pacific MORB, The isotopic compositions of the East Mariana Basin tholeiites are also
similar to those of intraplate basalts, and in particular, to the isotopic signature of basalts from the nearby Ontong
Java and Manihiki Plateaus. The East Mariana Basin tholeiites also share many petrologic and isolopic characteris-
tics with the oceanic basement drilled in the Nauru Basin at DSDP Site 462, In addition, the new 110.8 + 1.0 Ma
4“Ar'/:'mAr age for two flows from the bottom of Site 462 in the Nauru Basin is indistinguishable from the age of the
East Mariana Basin flows. Thus, while magnetic anomaly patterns predict that the igneous basement in the Nauru
and East Mariana Basins is Jurassic in age, the geochemical and chronological results discussed here suggest that the
basement formed during a Cretaceous rifting event within the Jurassic crust. This magmatic and tectonic event was
created by the widespread volcanism responsible for the genesis of the large oceanic plateaus of the western Pacific.

1. Intreduction the east by the Marshail-Gilbert Island Chain, to
the north by the Magellan Seamounts, to the west
and northwest by the Mariana Trench, and to the
south by the Caroline Ridge (Fig. 1). During
ODP Leg 129, the central part of the East Mari-
[CL] ana Basin at 12°5.8'N and 153°12.6'W (ODP Site

The East Mariana Basin strikes roughly west—
southeast in the western Pacific. It is bounded to
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802) was drilled in search of a Jurassic sedimen-
tary sequence and its underlying igneous base-
ment [1]. This was carried out immediately fol-
lowing the first -ever successful penetration of
Jurassic crust in the Pigafetta Basin during the
same cruise. The predicted age of the seafloor in
the East Mariana Basin is Jurassic, based on a

simple extrapolation of the seafloor magnetic lin-
eation pattern to the north of the basin. The
magnetic anomaly age is consistent with the fow
amplitude magnetic lineation pattern of the
seafloor in the two basins; interpreted as being
due to their accretion during the long Jurassic
‘magnetic quiet event’, 145-170 Ma [2].
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Fig. 1. Map of the western Pacific showing Mesozoic magnetic anomaly lineations [after Nakanishi et al., 32,33] and locations of the‘
Eust Mariana Basin, Naurv Basin, East Pigafetta Basin and Ontong Java Plateau. Dots with numbers represent DSDP and ODP

sites mentioned in the text.
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The main objective of this paper is to present
the age, petrology and most probable origin of
the East Mariana Basin igneous basement, To
attain this objective, the geochemistry and petro-
genesis of the tholelites were investigated and
compared to those of the tholeiites recovered
from DSDP and ODP drill sites on the Ontong
Java Plateau, Nauru Basin and Pigafetta Basin
(Fig. 1). Special emphasis is placed on the incom-
patible trace elements, particularly the rare earth
elements (REE), and Sr, Nd and Pb isotope ra-
tios, because these are most clearly diagnostic of
their mantle source [3]. The temporal evolution
of all the tholeiites were also compared to each
other using recently available radiometric age data
for all samples. In addition, new “Ar/*Ar total
fusion ages for two tholeiites from the bottom of
DSDP Site 462 in the Nauru Basin were deter-
mined in this study.

2. Samples and methodology

ODP Leg 129 drilled through ~509 m of
sedimentary rocks and ~ 51 m of basaltic lavas at
Site 802. Based on biostratigraphy, the age of the
lowermost sedimentary rocks is Albian—late Ap-
tian: no Jurassic sediments were found [1]. Two
samples of the lava flows directly beneath the
sediments give a “"Ar/*Ar total fusion age of
114.6 + 3.2 Ma [4], compatible with the biostrati-
graphic age of the sediments. The lavas drilled in
the East Mariana Basin consist of pillows and
massive flows that have aphanitic to glassy mar-
gins and hypocrystalline interiors, consisting
chiefly of plagioclase, augite, glass, olivine (al-
most always pseudomorphed by clays) and lesser
amounts of titanomagnetite. East Mariana Basin
lavas are tholeiites, with a limited range of major
-element compositions (e.g., Si0,; = 49-51 wt%,
MgO=6.7-8.1 wt% and CaQ=11-12 wt%).
They have low K,O (0.03-0.26 wt%), TiO,
(0.99-1.24 wt%) and P,0; {0.02-0.10 wt%) con-
tents and are depleted in incompatible trace ele-
ments with respect to mildly incompatible ones
(e.g., Zr/Hf =35-43; Ta/La=10-16; La/Sm
=0.82-0.90). These bulk-rock compositions are
typical of mid-ocean ridge basalts (MORB) [5].

The alteration aspects of East Mariana Basin
tholeiites have also been discussed by Alt et al.
[6] and Busch et al. [7]. These theleiites are fresh
to only slightly altered (< 2-10% alteration} and
have physical and chemical properties that are
indistinguishable from young (< 10 Ma), typical
MORB crust.

Additional fresh glasses taken from the mar-
gins of pillow lavas were analyzed for this study.
Major element contents of these glasses were
kindly determined by T. O’Hearn using the elec-
tron microprobe at the Smithsonian Institution
and the procedure described by Melson et al. [8].
Accuracy and precision are generally better than
3% for each oxide. Rare earth element (REE)
ang Co, Cs, Hf, Sc, Ta and Th contents of aliquots
of these glasses were determined at Washington
University by instrumental neutron activation
analysis (INAA) using the procedure described by

~ Jacobs et al. [9], with some modifications. Accu-

racy and precision for the trace element contents
reported are generally better than 2%. All trace
element data for the Nauru Basin and Pigafetta
Basin tholeiites used in the comparative study,
apart from for those from the Ontong Java
Plateau, were also produced at Washington Uni-
versity. For Ontong Java Plateau tholeiites, only
those trace element data analyzed by INAA [10]
were used in the comparisen.

The Sr, Nd and Pb isotopic compositions of
the East Mariana Basin tholeiite glasses were
analyzed at the Carnegie Institution of Washing-
ton using the procedure described by Castillo et
al. [11,12]. The Pb isotopic composition of a
holocrystalline sample (802A-62-3, 12-18) was also
analyzed to compare the Pb isotopic compositions
of fresh glass and slightly altered hypocrystalline
interior. Additionally, the Pb isotopic composi-
tions of Nauru Basin tholeiite glasses (462A-51-4,
28-30 and 462A-36-1, 9-10), previously analyzed
for their Sr and Nd isotopic compositions [13],
and kindly provided by J. Mahoney, were also
measured to investigate any difference in the Pb
isotopic compositions between Nauru Basin
whole-rocks and glasses. All the isotopic compaosi-
tion measurements of the Nauru and Pigafetta
Basin samples used in the comparative study were
made at the Camnegie Institution.
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Two samples from the lowermost flows recov-
ered ~ 1200 m bsf at DSDP Site 462 in the
Nauru Basin (462A-106-2, 54-61 and 462A-108-2,
4-9) were dated by the “"Ar/*Ar incremental
heating technique. The analyses were carried out
at the US Geological Survey age dating labora-
tory at Menlo Park, California, following the pro-
cedures described by Pringle [4,14]. Both samples
are medium-grained (1-5 mm), holocrystalline in-
teriors of lava flows and are only slightly to mod-
erately (2-10%) altered.

143

3. Results

The tholeiite glasses analyzed have almost
identical bulk compositions (Table 1). As ex-
pected [e.g., 3], there are subtle but systematic
differences between bulk-rock analyses and glass
analyses. Total Fe as FeO* and P,0O; are lower in
the hypocrystalline interior than in the glass,
whereas the reverse is true for MgO. Although it
is possible that the discrepancy is due to analyti-
cal bias between electron microprobe and XRF
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Fig. 2. Chondrite-normalized REE concentration patterns of tholeiitic basalts. (A} From the East Mariana Basin and Nauru Basin
and (B) from the East Mariana Basin, Pigafetta Basin and Ontong Java Plateau. (C) N-MORB normalized avérage trace element
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analyses, we believe that this is due to selective
accumulation of phenocrysts, most likely olivine,
in the hypocrystalline portion of the lavas. A
similar discrepancy in major element composi-
tions of coexisting glass—whole rock pairs due to
phenocryst redistribution has been documented
by Staudigel and Bryan [15].

The apparent difference in the major element
compositions of the whole-rock interior and plass
margin, however, completely disappears in the
trace element analyses (Table 1). East Mariana
Basin tholeiite glasses have very similar trace
element compositions, which overlap completely

with those of the whole-rock data. All sarnplesr

have a REE content of about nine to thirteen
times chondrite abundances and a slightly con-
vex-upward chondrite-normalized REE pattern,
with a small, but distinctive, negative Eu anomaly
{(Figs. 2a and b). Their highly incompatible trace
element abundances are intermediate between
normal-(N-YMORB and enriched-(E-}MORB,
and definitely lower than ocean island basalis
(OIB; Fig. 2c). Moreover, the ratios of highly
incompatible to moderately incompatible ele-
ments in the East Mariana Basin tholeiites, such
as Ta/La, La/Sm and La/Yb, are only slightly
higher than N-MORB but are much lower than
those of OIB.

Tuble 2

Ages of the tholejites drilled by the DSDP and ODF in the western Pacific

Sample Type Hary ¥Ar Best age Source Fossil age of the Source
age estimate of data nearest sediment of data

Fast Mariana Basin tholeiites

BO2A, 62-2, 45-50° whole rock 1168+ 4.8

{duplicate) 1125+ 4.6 1146432 [4,14] early Aptian—Albian [1]

BOZA, 62-3, 4-12 whole rock  116.0 £+ 13.1

Nauru Basin tholeiites

462A, 32-1, 46-49 whalerock 110 + 3 [19] Cenomanian (20}

4624, 106-2, 54-61 whole rack 111.64+ 1.3

(duplicate} 1099+ 1.4 1108+ 10 thisstudy late Jurassic-early Aptian  [17]

463A, 108-2, 4-9 whole rock  113.6+ 4.5

(duplicate) 1003 4+ 24.1

Ontong Java Plateau tholeiites

BO7C, 75-2, 129-131 whole rock  121.7+ 3.6

BO7C, 78-1, 67-69 whole rock 12404+ 2.5

807C, 80-1, 52-55 whole rock 1224 £ 4.0

807C, 84-6, 0-3 whole rock 1226+ 1.7 1223410 [10] Aptian [28,49]

BO7C, 50-1, 38-41 whole rock 1195+ 959

807C, 93-3, 15-18 whole rock  126.0 % 4.8

289, 132-4, 79-81 whole rock  121.73+ 2.7

289, 132-4, 122-125 whole rock 12274 2.2

Malaita 43 whaole rock 11894+ 24 [10] - -

Malaita 8374 whole rock  114.7% 4.9

803D, 71-2, 87-88 whole rock 837+ 13

803D, 69-1, 87-89 plagioclase BL9+ 23 [10] middle Cenomanian [28]

803D, 71-1, 14-16 plagioclase 81.54+ 1.5

(duplicate} 9254+ 28

Pigafetia Basin tholeiites

801C, 10-5, 53-58 whole rock 15374 80 1668445 [4,14] Callovinn—Bathonian [1]

801C, 10-6, 21-26 whole rock  173.0+ 5.5

Sources of data are listed in the References.



146 P.R Castillo et al. / Earth and Planetary Science Letters 123 (1994) 139-154

East Mariana Basin tholeiite glasses show a
very smail range in Sr, Nd and Pb isotopic com-
positions (Table 1). The Pb isotope data for the
unleached whole rock (802A-62-3, 12-18) are fairly
similar to the those for the glasses, despite its
slightly higher B"'Sr/miSr ratic due to seawater
alteration. Similarly, the Pb isotope data for the
two Nauru Basin tholeiite glasses analyzed here
{462A-51-4, 28-30 and 462A-56-1, 9-10) are within
the range of those of the whole-rock data [11].
The East Mariana Basin tholeiites have slightly
higher 8-"Sr/%Sr ratios for a given 143'Nd/ Nd
ratio than MORB from the East Pacific Rise
(EPR) and the Mid-Atlantic Ridge (MAR; Fig.
3a). These tholeiites also have anomalously high
28y / *py for a given 26 ph /204Pb, so that they
plot distinctly above the field of MORB from the
EPR (Fig. 3b). However, it is important to note
that the Pb, Sr and, to a lesser exient, Nd isotope
data for East Mariana Basin tholeiites plot within
the fields for MORB from the Indian Ocean
Ridges {IOR).

Radiometric age determinations were carried
out because of the uncertainty in the aze of the
lava flows at the bottom of Hole 462A. Previous
attempts to date these lavas [16] cannot be con-
sidered reliable because even the best of the
experiments (462A-109-1, 106-108) did not pass
the criteria for reliable *"Ar/™Ar ages as de-
scribed by Pringle [4,14]. Although Late Jurassic
to early Aptian age radiolarians were found in
the sediments between lava flows at ~75 m
above the bottom of Hole 462A, both Schaaf [17]
and Primoli—Silva [18] noticed that some sections
of the sedimentary sequence above the igneous
complex may have been reworked. Thus, the in-
terlava flow radiolarians may also be reworked
and can provide only maximum age constraints
on the bottom flows,

The age of the sills at the top of the Nauru
Basin igneous complex is better constrained than
that of the bottom flows. Ozima et al. [19] deter-
mined a 110 + 3 Ma *Ar /*°Ar age for a basalt sill
higher up in the igneous complex and this is

2‘5 | L] T L] T I T L] T T I L} l L3 L] L T I T I‘ L) L] ] T T 1 L]
3 o Naugru b
L East Mariana whole rocks ° ]
20 [ @ EastMariana glass o 7]
[ o ]
g 1.5 C o 7]
S [ ]
o [ ]
10 [ ]
05 [ 7
O'O [ PRVE SO TN S N SR R SR A SN S ) I T T S T N WO T MY TN NN SR TN T ]
0 1 2 3 4 3 6

La (ppm)
Fig. 4. La/YDb apainst La plot for the Eust Mariana Basin tholeiites, Nauru Basin tholeiites are also plotted for cumimriscm. The
two crystal fractionation paths represent the minimum number of erystallization paths to explain the range of the Nauru Basin
thaletite composition [11,27]. The East Mariana Basin tholeiites belong to one of these paths.
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consistent with Albian or Cenomanian age of the
sediments intruded by the sills [20]. Moreover,
Hart and Staudigel [21] determined a minimum
age of 105.1 + 2.8 Ma for the vein mineral depo-
sition in the Nauru Basin igneous complex.

The new weighted mean of the *Ar/>Ar in-
cremental heating ages of the Naurn Basin tholei-
ites is 110.8 + 1.0 Ma (Table 2; see Pringle [14]
for complete tesults). This age is identical with
the previous 40AI/39AI' age of the sills above the
flows [19] and is younger than the Late Jurassic to
early Aptian interlava flow sediments [17], which
would indicate that these sediments are indeed
reworked. This new age is also consistent with the
normal polarity of the whole Nauru Basin ig-
neous complex, suggesting that the whole com-
plex must have been erupted after the M0 mag-
netic polarity event ~ 125 Ma [20,22]. If the
~111 Ma age is correct, then the Nauru Basin
ipneous complex was emplaced in a relatively
short period. This is a considerable outpouring of

lavas because the volume of the Nauru Basin
complex is believed to be at least 2 X 10° km?
[20,22]. Moreover, the age of the Nauru Basin
tholeiite is not distinct from the 114.6 +3.2 Ma
age of the East Mariana Basin tholeiites [14] and,
because of the very similar petrology and tectonic
setting of the Nauru and East Mariana Basin
tholetites (see below), it is possible that the vol-
canism in the two basins (~ 10% km? for the two
basins} was as immense as the volcanism that
built the Ontong Java Plateau (~5X 107 km*)
122 m.y. ago [10].

4. Petrogenesis

The major element variation of the East Mari-
ana Basin tholeiites can be attributed to shallow
level crystal fractionation {5]. In other words, the
more differentiated compositions can be pro-
duced by the removal of variable amounts of
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olivine, plagioclase and pyroxene from the primi-
tive composition. The fractional crystallization re-
lationship among East Mariana Basin tholeiites is
alsp shown by their trace element data. The sub-
horizontal array of data points in the La/Yb
against La diagram (Fig. 4) suggests fractional
crystallization control, with the slope of the array
depending upon the bulk partition coefficient of
La relative to Yb [e.g., 23]. Disregarding the small
seawater alteration effect on the *'Sr/*Sr, the
Sr, Nd and Pb isotopic ratios of the tholeiites are
almost identical within errors (Table 1) and this
isotopic signature is entirely consistent with the
crystal fractionation history of the BFast Mariana
Basin tholeiites.

Fig. 5 shows that the East Mariana Basin
tholeiites have high CaO/Al,0, and low Na8,
suggesting that these rocks were produced by
fairly high degrees of melting [24]. East Mariana
Basin tholeiites plot on the high partial melt side
of the global MORB array and are comparable
only to tholeiites from a few places such as the
Reykjanes Ridge, Nauru Basin and Ontong Java
Plateau [10,24]. Fig. 5 also suggests that the East
Mariana Basin tholeiites were erupted at ~ 2500
m water depth, using the Na8 versus depth cali-
bration curve of Klein and Langmuir [24]. The
accuracy of this depth estimate is unknown be-
cause, although the calibration curve was used to
estimate the paleodepth in the Atlantic and In-
dian Qcean with good results [25], it has never
been tested in the Pacific. The results of our
attempt to use this technique for the oldest
oceanic crust [12] are ambiguous, mainly due to
the fact that the actual NaR versus depth correla-
tion for Pacific MORB is generally poor [24,26].

5. Comparison with other western Pacific tholei-
ites

Tholeiitic basalts were drilled in the Nauru
Basin [11,18,20, 27], on the Ontong Java Plateau
{10,13,28] and in the Pigafetta Basin [1,12,29]
{Fig. 1). The Pigafetta Basin tholeiites were drilled
at the igneous basement in ODP Site 801
(18°39'N; 156°22'W), underneath ~ 60 m of alka-

lic basalts and ~ 10 m of a silicified hydrother-
mal deposit. These tholeiites represent the oldest
(~ 167 Ma) N-MORB in the world sampled in-
situ. Except for the topmost ~ 5 m directly un-
derlying the hydrothermal deposit, the Pigafetta
Basin tholeiites are only slightly to moderately
altered (2-10%), similar to normal oceanic crust
3-10 Ma [6,7]. Compositional variation observed
in the lavas is moderate and is due to shallow
level crystal fractionation. More important, the
Sr, Nd and Pb isotopic ratios of these tholeiites
fall almost entirely within the field of Pacific
N-MORB (Fig. 3).-

Compared to East Mariana Basin tholeiites,
Pigafetta Basin tholeiites are more depleted in
highly incompatible elements and, hence, have
more convex-upward REE patterns (Fig. 2b) and
have almost flat trace element abundance pat-
terns relative to N-MORB (Fig. 2c). East Mari-
ana Basin tholeiites have higher ¥'Sr/%8r and
2%pp /2P, for given 2°Pb /™ Pb, than the Pi-
gafetta Basin tholeiites (Fig. 3).

A total of ~ 640 m of tholeiitic basalt and
microdolerite was drilled at DSDP Site 462 in the
Nauru Basin (Fig. 1) during DSDP Legs 61 and
89. In general, Nauru Basin tholeiites seem to
display a wider compositional range than East
Mariana Basin tholeiites; the Nauru Basin tholei-
ites can be subgrouped into 3 lithologic groups,
based on the relative degree of melting of a
similar source in the mantle [11,27]. However,
this difference is most probably due to sampling
bias: Nauru Basin analyses represent > 600 m of
the tholeiite igneous complex penetrated at Site
462, whercas East Mariana Basin analyses come
from only ~ 51 m of tholeiite pillow lavas pene-
trated at Site 802. East Mariana Basin tholeiites
also have slightly lower **Pb/**Pb than Nauru
Basin tholeiites, although their Pb isotopic data
almost overlap (Fig. 3b). Nevertheless, these dif-
ferences are minor when compared to their over-
all similarity.

The Nauru Basin tholeiite glass analyses [30]

are richer in MgO than East Mariana Basin

tholeiites, but this is also true for the Nauru
Basin bulk rock data [20]. Both tholeiite suites
were generated by high degrees of melting in the
mantle (Fig. 5), similar to those MORB gener-
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ated at ocean ridges near hotspots. The REE
pattern of the East Mariana Basin tholeiite suite
plots exactly in the middle of the range of the
Nauru Basin basalt patterns but, more imper-
tantly, they share the same characteristic fea-
tures, such as a convex-upward configuration and
negative Eu anomaly (Fig. 2a). Their incompati-
bie trace clement concentration pattern is transi-
tional between those of N-MORB and E-MORB
(Fig. 2c). The relatively high 8"'Sr/wSr for a given
M3Ng /1**Nd is a feature of both the East Mari-
ana and Mauru Basin tholeiites (Fig. 3a). Most
important, these geochemical and isotopic simi-
larities are even more striking because their crys-
tallization ages are very close (Table 2).

Basement tholeiitic basalts were recovered at
three widely separated drill sites on the Ontong
Iava Plateau (DSDP Site 289 and ODP Sites 803
and 807) and from the island of Malaita on the
southern margin of the plateau (Fig. 1). Based on
4{]Ar/”Ar ages, a2 major plateau-building effusion
of these tholeiites occurred ~ 122 Ma but plateau
volcanism did not cease until ~ 90 Ma [10]. The
Ontong Java Plateau tholeiites have a moderate
range in chemical and isotopic compositions and
were presumably produced by very high extents
of partial melting (Fig. 5, [13]). Moreover, they
have a variable chondrite-normalized REE con-
centration, pattern ranging from slightly depleted
to slightly enriched (Fig. 2b). By and large, their
combined trace element and Sr, Nd and Pb iso-
tope compasitions strongly suggest a hotspot-like
source for the Ontong Java Plateau tholeiites as
well as for the less sampled and less studied
Manihiki Plateau tholeiites [10,13].

Interestingly, the Sr, Nd and Pb isotopic com-
positions of both the East Mariana and Nauru
Basin tholeiites plot within the large fields for the
Ontong Java and Manihiki Plateau tholeiites (Fig.
3). However, Ontong Java Plateau tholeiites, on
average, are more enriched in incompatible trace
elements than East Mariana Basin (and Nauru
Basin) tholeiites (Fig. 2c). Moreover, the Ontong
Java Plateau tholeiites form large shield volca-
noes, whereas the East Mariana and Nauru Basin
tholeiites were extruded through non-edifice
building volcanic fissures [1,20,22,28]. Finally, the
bulk of the Ontong Java Plateau volcanic activity

is ~7 my. and ~ 11 my. older than the East
Mariana and Nauru Basin eruptions, respectively.
Thus, although the tholeiites from the three areas
share some similarities in their mantle source
isotopic signatures, their overall major and trace
element compositions, the modes of generation
of their magmas in the mantle, the styles of their
emplacement and the chronology of volcanic
events that generated them are different.

6. Discussion

Over the last two decades, several sites in the
western Pacific that were predicted to be of
Jurassic age, based on magnetic lineation pat-
terns, have been drilled to sample the basaltic
crust. Because of technical difficulties in deep
drilling in the 1960s to mid 1980s, only at a few of
these sites did drilling actually penetrate down
into igneous rocks. Furthermore, all but one of
these igneous rocks turned out to be Cretaceous
in age; ODP Site 802 in the East Mariana Basin
is one of these Cretaceous sites [11. What is
interesting about Site 802 is that the tholeiites
were intersected at a depth that was predicted,
based on multichannel seismic data, to be ig-
neous basement. The same kind of data, which
were not available to guide the earlier DSDP
Jurassic target sites, were used to delineate and
drill successfully the Jurassic basement at Site
801 in the Pigafetta Basin just prior to drilling
Site 802 during Leg 129 [1]. Moreover, the East
Mariana Basin tholeiites are clearly extrusive
lavas, being pillows and massive flows, as opposed
to the intrusive sills that were present or inter-
preted as being present in the other Jurassic sites
{e.s., ODP Site 800 in the northern Pigafetta
Basin and DSDP Site 462 in the Nauru Basin).
Site 802 is also in the middle of the East Mariana
Basin, away from any known large seamount or
seamount chain; other Jurassic target sites (e.g.,
DSDP Site 585 in the eastern part of the Mariana
Basin, DSDP Site 166 in the western side of the
Central Basin} turned out to be too close to
prominent voleanic features, as indicated by the
volcaniclastic sediments and igneous rocks recov-
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ered in the sites. Last, and most importantly, the
petrology of the East Mariana Basin tholeiites is
more similar to MORB erupted near hotspots
than to any other type of oceanic basalts, and the
Sr, Nd and Pb isotope compositions of these
tholeiites are similar to some MORB from the
Indian Ocean.

As presented above, the petrologic and age
similarity between East Mariana and Nauru Basin
tholefites is clear, Thus, the history and evolution
of the East Mariana Basin and the Nauru Basin
tholeiites are essentially the same. Based on pre-
viously available data, there are two explanations
proposed for the origin of the Nauru Basin
tholeiites that invoke either an intraplate or ocean
ridge setting. The following is a brief description
of these proposals and a concise evaluation of
their applicability for the origin of the East Mari-
ana Basin tholeiites.

0.1. The intraplate origin

This proposal was made directly after the dis-
covery of the Cretaceous igneous complex in the
central Nauru Basin, The model suggests that the
voluminous tholeiites, which are anomalously
shallow for a Jurassic age isneous basement, cover
the whole Jurassic basement of the basin and
were emplaced through numerous small fissures
in the pre-existing Jurassic crust [20,31]. Explicit
in this proposal is that the fissures did not cause
substantial reheating of the oceanic crust to dis-
turb the original well-preserved Jurassic magnetic
lineations, that these lineations were all aligned
parallel to the magnetic stripes so as not to cause
displacement of the magnetic lineations, and that
they were most probably confined to the Nauru
Basin. Moreover, this Cretaceous cover must have
cooled very rapidly and acted as a uniformly
magnetized slab so that it did not annihilate the
underlying Jurassic magnetic signal [31]. Interest-
ingly, this proposal was made during DSDP Leg
61, with the assumption that the Jurassic sedi-
ments and igneous basement were only a few
meters beneath the bottom of the hole at Site
462, The site was reoccupied and deepened by
~ 140 m during DSDP Leg 89, but the bottom
contact between the Cretaceous basalts and the

Jurassic sediments still was not reached [2{], De-
spite the unconfirmed stratigraphy, however, the
intraplate basalt proposal for the origin of the
Nauru Basin igneous complex has gained wide
acceptance because more recent paleomagnetic
studies have confirmed the presence of Jurassic
magnetic anomalies in the Nauru Basin [32,33].

A variation of this proposal claims that the
large-volume flows and sills in the Nauru Basin
did not intrude the Jurassic crust but rather origi-
nated from the adjacent Ontong Java Plateau [E,
Winterer, pers. commun., 1991] at ~ 111 Ma.
Still another variation of the proposal, but in-
tended more for the presumably thin East Mari-
ana Basin flows-and not for the thick Nauru
Basin igneous complex, claims that the basalts
were erupted through fissures generated by the
downbuckling and extension of the Jurassic crust
due to the load of the Ontong Java Plateau [34].
This scenario is essentially a larger version of the
mechanism proposed for the origin of Hawaiian
arch lavas generated on either side of the Hawai-
ian Ridge [35].

6.2. The ocean ridge origin

This proposal is based mainly on the MORB-
like petrology and isotopic composition of the
Nauru Basin tholeiites and on the premise that
these compositional characteristics of a large-
volume igneous complex can be sustained only
through continuous eruption along large rifts or
an ocean ridge system [11,27]. It is also partly
based on the premise that because the Creta-
ceous Pacific ocean ridges were spreading fast
{~ 10 km/yr half-rate; [2]) in a large ocean, a
simple extrapolation of symmetric accretion to
produce the whole western Pacific crust from
Jurassic to the present may be too simplistic, as
shown by new magnetic lineation data near the
EPR [e.g., 35,36]. This notion of asymmetric
spreading near mantle plumes is based on obser-
vations along the EPR near the Easter hotspot
[38], along the Galapagos Spreading Center near
the Galapagos hotspot [39], and along the MAR
at the Iceland hotspot [40]. It is important to note
that, since at least the early Cretaceous, the
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south-central Pacific region may have been vol-
canically active; perhaps, because of mantle con-
vection [41,42] such that large plateaus {e.g., On-
tong Java and Manihiki Plateaus) and chains of
large seamounts and guyots (e.g., Mid-Pacific
Mountains and Magellan Seamounts) were pro-
duced in this general area during this period
[11,12,43,44]. In fact, Tarduno et al. [45] have
suggested that the formation of the Ontong Java
Plateau by an Aptian mantle plume alone could
have initiated rifting of the Jurassic seafloor prox-
imal to the plateau. In summary, the ocean ridge
proposal claims that large rifts or an ocean
spreading center opened or propagated into the
northern part of the Nauru Basin during the
Cretaceous and formed the Nauru Basin igneous
complex.

6.3. Which proposal is more applicable to the East
Mariana Basin tholeiites?

As mentioned earlier, any model that could
explain the origin of the Nauru Basin tholeiites
would most likely also apply to the origin of the
East Mariana Basin tholeiites. The major prob-
lem with the intraplate basalt proposal is that the
bulk major and trace element compositions of
both the Nauru and East Mariana Basin tholei-
ites are not representative of an intraplate erup-
tive setting. Proposals that the Nauru Basin
tholeiites are a new kind of intraplate oceanic
basalt [e.g., 20,22] simply make the scenario more
complex. Another problem is the emplacement of
these large volume MORB-like tholeiites. Were
the Nauru Basin tholeiites emplaced through nu-
merous small fissures throughout the basin, as
proposed by the intraplate hypothesis? New seis-
mic reflection data show that the top of the
Jurassic oceanic crust is not present in the north-
ern part of the basin, but unequivocally exists in
the southern part [46]. This tectonic setting sim-
ply cannot be reconciled with the intraplate pro-
posal. Were the East Mariana Basin tholeiites
emplaced through numerous fissures? Maybe so,
as new multichannel seismic studies claim that
the tholeiites are only ~400 m thick with no
obvious morphotectonic sources other than widely

separated seamounts [47]. However, the same
studies [47] show that the Cretaccous MORB-like
tholeiites cover not only the East Mariana Basin
but also the southern Pigafetta Basin, indicating
that a very large portion of the western Pacific
Jurassic crust was highly porous to the volumi-
nous, high-degree partial (i.e., high temperature)
melts coming from the mantie during the Creta-
ceous, This extensive magmatic infiltration did
not disturb the magnetic anomaly pattern of the
original basement.

That the Nauru Basin tholeiites, and, hence,
the East Mariana Basin tholeiites, came directly
from the Ontong Java Plateau may also not be
realistic. This.is because almost ali the sills and
lava flows are glassy and < 1 m thick, suggesting
that they must have come from a nearby source
[1,11,20]. The biggest problem, of course,is that
the OIB-like chemistry of the Ontong Java
Plateau lavas is more variable and quite distinct
from the MORB-like Nauru and East Mariana
Basin tholeiites, although, as mentioned earlier,
they do overlap, especially in their isotopic com-
positions. Moreover, although the last recorded
volcanism on Ontong Java Plateau occurred ~ 90
Ma, the last major phase of the voluminous,
plateau-building volcanism occurred ~ 122 Ma
[10]. Were there large-volume MORB-like basalts
erupted along the flanks of the Ontong Java
Plateau ~ 11 m.y. after the plateau was built?
Why was this volcanic activity not recorded in any
of the drill sites on the Ontong Java Plateau?
Similarly, the theory of the origin of the East
Mariana Basin tholeiites from small fissures in-
duced by the load of the Ontong Java Plateau on
the Jurassic crust suffers from the inconsistency
of the lava composition to this particular type of
setting [34]. The Hawailan arch lavas, in the
small-scale analogue, are alkalic in composition
and are akin to the Hawaiian basalt composition
[35].

Qur favored explanation for the origin of the
East Mariana Basin MORB-like tholeiites is that
these, and the Nauru Basin tholeiites, were
formed along a Cretaceous spreading center, This
proposal conflicts with the suggestion, based on
magnetic lineation data, that these basins are
underlain by Jurassic basement but the repeated
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occurrence of Cretaceous basalts in this area
provides no support for the older ape inferred
from the magnetic data in the whole western
Pacific. The ocean ridge proposal claims that the
rift(s) or spreading center(s) is {(are) restricted to
the northern part of the basin [11] and this is
consistent with the new seismic reflection data
[46]. This proposal also implies that the rifts or
spreading centers continue to the east and west
sides of the Nauru Basin, but these are displaced
by north-south. trending transform faults that
bound the east and west sides of the basin. The
East Mariana Basin tholeiites most probably ac-
creted along the western extension of the spread-
ing center, whereas the, as vet poorly analyzed,
Cretaceous MORB-like tholeiites recovered from
the Ceniral Basin during DSDP Leg 17 [48]
formed along the eastern counterpart., Petrologic
analyses of the Central Basin tholeiites are cur-
rently in progress to assess their petrogenetic
connection with the East Mariana and Nauru
Basin tholeiites.

The major and trace element data for both the
East Mariana and Nauru Basin tholeiites are
consistent with a shallow, widespread, and high
degree partial melting of suboceanic mantle typi-
cal of an ocean ridge setting. However, the iso-
topic similarity with the Ontong Java and Mani-
hiki Plateau basalts, which are presumed to be
mantle plume generated, suggests that the mantle
source of the East Mariana and Nauru Basin
lavas contained material coming from the mantle
plume(s) responsible for the formation of these
large oceanic plateaus, Therefore, we suggest that
the ocean ridge volcanism that produced the East
Mariana and Nauru Basin tholetites is a direct
result of the Ontong Java mantle plume. The
petrologic and isotopic characteristics of the East
Mariana and Nauru Basin tholeiites are, indeed,
fairly common in modern plume-related MORB
although these MORB are less voluminous and
more limited in areal extent compared to the
East Mariana and Nauru Basin basalts. Tt is im-
portant to note, however, that the oceanic hotspot
responsible for the formation of the Ontong Java
Plateau is the world’s largest and its activity coin-
cided with the widespread volcanic event in the
Pacific during the Cretaceous [e.g., 45,48).

7. Summary and conclusions

Drilling in the East Mariana Basin during ODP
Leg 129 failed to sample the targeted Jurassic
oceanic crust that was predicted to be present,
based on seafloor magnetic lineation patterns.
Instead, Cretaceous lavas that seem to be ubiqui-
tous in the western Pacific were recovered. How-
ever, the East Mariana Basin basalts are unique
in that these are extrusive lavas and MORB-like
in geochemical and isotopic composition. Compo-
sitionally and temporally, the tholeiites are very
similar to Nauru Basin tholeiites, which were also
targeted as Jurassic oceanic crust during DSDP
Legs 61 and 89, based on interpretation of mag-
netic lineation patterns. The two Cretaceous
MORB-Ilike tholeiite suites must, therefore, have
a very similar, if not common, origin.

The two existing hypotheses for the origin of
the Nauru Bagin tholeiites specify either in-
traplate or ocean ridge settings. Many of the
initial assumptions of the intraplate proposal are
either inconsistent with new data available and/
or have to be carefully tested to explain the origin
of the East Mariana Basin tholeiites. On the
other hand, the presence of the East Mariana
Basin tholeiites is simply an extension of the
ocean ridge proposal for the origin of the Nauru
Basin MORB-like tholeiites. Although this expla-
nation is still speculative, it is based on actual
analyses of samples recovered from the two basins
and on more recent data showing that fast-
spreading ridges tend to deviate from symmetric
spreading, especially when affected by off-ridge
volcanism. Therefore, we favor an ocean ridge
origin for the East Mariana and Nauru Basin
tholeiites and suggest that these basalts represent
oceanic crust generated along a Cretaceous
spreading center. This spreading center was a
consequence of the arrival in the upper mantle of
a plume that produced the huge Ontong Java and
Manihiki Plateaus, The shallow, high-degree
mantle melting condition under the Cretaceous
spreading center, adjacent to a plume, shaped the
MORB-like major and trace element characteris-
tics of the East Mariana and Nauru Basin tholei-
ites but the plume-dominated mantle source dic-
tated the isotopic composition of these lavas:
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